1. BACKGROUND {#sec1-1}
=============

The hepatitis C virus (HCV) is a major factor in the development of chronic liver disease worldwide. HCV infection is characterized by a tendency towards chronicity. Acute HCV infection progresses to chronic infection in 70% of cases. Chronic hepatitis C is a major health problem with an estimated prevalence of 1.6%--2% worldwide. It is estimated that in Europe, more than 9 million chronic carriers are progressing to the late complications of HCV with approximately 86,000 deaths per year ([@ref1], [@ref2]).

Because of their high genetic variability, HCV has the ability to avoid immune response of the host. This virus is not directly cytopathic and liver damage are mostly caused by immune-mediated mechanisms, predominantly T helper cell response ([@ref3]). Hepatitis C virus infection can cause progressive liver injury and lead to fibrosis and eventually cirrhosis. The degree of histologic fibrosis is an important marker of the stage of the disease ([@ref3]). Most of the complications related to chronic infection occurs in patients who have established cirrhosis ([@ref4]-[@ref6]). Treatments that could stop or diminish the progression of fibrosis would theoretically be beneficial ([@ref7]).

One of the current standard treatment for CHC infection especially in the low income countries, is the combination of PEG-IFN α and ribavirin. The efficacy endpoint of hepatitis C treatment is the 'sustained virological response' (SVR), defined by the absence of detectable HCV RNA in serum, as assessed by an HCV RNA assay with a lower limit of detection of 1000 copies/ml or less, 6 months after the end of treatment ([@ref8]).

The IFNs are a family of proteins that are naturally produced by the cells of the immune system which presents antiviral, anti proliferative and immunomodulatory activity ([@ref9]). Its mechanism of biological action occurs through the activation of specific genes, influencing cell growth and division, as well as modulating some immune system activities. Therefore, IFN-α has an indirect antiviral effect on HCV ([@ref10]). Commercially, IFN-α is produced by means of recombinant DNA techniques and is available in preparations of two distinct subtypes (IFN-α 2a or IFN-α 2b)([@ref11]). The only difference between IFN-α 2a and IFN-α 2b is in the amino acid present at position 23 of the protein: IFN-α 2a has a lysine at that position, whereas IFN-α 2b has an arginine ([@ref12]). Pegylated IFNs (PEG-IFNs) are produced through the binding of an inert molecule of polyethylene glycol to the recombinant IFN-α, thus reducing the renal clearance, altering the metabolism and increasing the half-life of the IFN molecule, although maintaining all of its immunostimulatory characteristics ([@ref13]). After the binding with its specific receptor (interferon-α/β receptor, IFNAR) on the surface of the target cells, IFN-α activates an intracellular signaling cascade, which takes the induction of IFN-stimulated genes (ISGs), encoding antiviral proteins such as 2'5'-oligoadenylate synthetase (2'5'OAS), protein kinase RNA, and Mx protein establishing a non-virus-specific antiviral state inside the cell ([@ref12]). Ribavirin is a synthetic nucleoside which is structurally similar to guanosine ([@ref14]). Ribavirin enters into the eucaryotic cells rapidly and, after it undergoes intracellular phosphorylation, shows virustatic activity against a broad spectrum of DNA and RNA viruses ([@ref14]). The exact mechanism of the antiviral action of ribavirin has not yet been totally elucidated ([@ref15]). However, some studies suggest the following possible mechanisms: direct inhibition of HCV replication, inhibition of the enzyme inosine monophosphate dehydrogenase of the host, induction of mutagenesis in the viral RNA, immunomodulation by the induction of a T helper 1 (Th1)-type immune response ([@ref15]).

2. OBJECTIVES {#sec1-2}
=============

The aim of the study was to analyze the effect of the therapy with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin on evolution of liver fibrosis in patients with chronic hepatitis C.

Also, our aim was to examine whether there was a difference between the genders in the efficacy of these antiviral therapy.

Our aim also was to determine effect of the therapy with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin on evolution of liver steatosis in patients with chronic hepatitis C.

3. PATIENTS AND METHODS {#sec1-3}
=======================

A retrospective study was made in a group of chronic hepatitis C patients treated from 2005 to April 2014 at the Clinic of Gastroenterohepatology, Clinical Center University of Sarajevo. We reviewed 40 patient medical records to collect demographic, epidemiological and clinical information, as information on liver biopsies and FibroScan^®^ test.

The diagnosis of chronic hepatitis C was based on elevated transaminase activity in serum testing positive for anti-HCV antibodies (third-generation ELISA) and the presence of HCV RNA (PCR) in the serum, as well as histological evidence of chronic hepatitis. To determine the HCV genotype, Versant kit (Lipa)® was used. The inclusion criteria were:

a\) previous antiviral treatment for 24 or 48 weeks, depending on genotype, with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin using standardized doses and ways of administration;

b\) a liver biopsy performed and reviewed by an pathologist, performed within six months prior to treatment;

c\) examination with FibroScan^®^ after treatment.

Patients associated with other diseases (acute, chronic or autoimmune either the liver or other organ systems) were excluded from the study.

Liver biopsies were analyzed always by the same pathologist from the Department of Pathology, Clinical Center University of Sarajevo applying the METAVIR fibrosis score. Steatosis was scored using the Brunt grading system in which steatosis is graded 0 to 3 based on percentage of hepatocytes involved.

3.1. Statistical analysis {#sec2-1}
-------------------------

For the processing of data SPSS (Statistical Package for the Social Sciences Program) for Windows, ver. 21.0 statistical software was used. Descriptive statistical analysis was used, and distributions of categorical variables were compared using Fisher tests. Continuous data were expressed as means, medians and standard deviation (SD). Comparisons between qualitative and quantitative variables were performed using the Student t-test. Mann Whitney U test was used to compare differences in variables such as fibrosis stage and steatosis grade. A value of p \<0.05 was considered as statistically significant.

4. RESULTS {#sec1-4}
==========

Forty patients met the inclusion criteria. [Table 1](#T1){ref-type="table"} shows the main characteristics of the 40 patients included in this study.

###### 

Characteristics of the patients. pre-treatment \*\*post-treatment
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Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"} summarizes the information about the evolution in fibrosis, after treatment with PEG-IFN α and ribavirin.

###### 

Pre-treatment fibrosis stages

![](MSM-26-172-g002)

###### 

Post-treatment fibrosis stages

![](MSM-26-172-g003)

After treatment, there was a statistically significant increase in the number of patients with no fibrosis (p\<0.05), and a significant reduction in the number of patients with fibrosis grade (F1), (F2) and (F3) (p\<0.05). There was no statistically significant reduction in the number of patients with cirrhosis (F4) (p\> 0.05) (Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}). After the treatment, the most frequent were patients with no fibrosis (67.5%), a minimum frequent were patients with grade (F2) (2.5%), while patients with fibrosis grade (F1), grade (F3) and cirrhosis (F4) had the same frequency (10%) (Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}).

There was significantly higher decrease of fibrosis progression at the patients that were in an mild-to-moderate fibrosis (F1/F2/F3), patients that were in advanced stage of fibrosis (F4) at the time of the pre-treatment did not have a statistically significant fibrosis reduction (Table [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}).

Thirty-eight patients (95%) showed stabilization or regression of fibrosis (no progression) at the FibroScan® test performed after the treatment ([Table 4](#T4){ref-type="table"}). Before treatment, the vast majority of patients had evidence of fibrosis progression (fibrosis stage \> 0) ([Table 2](#T2){ref-type="table"}). In contrast, after the treatment, most patients presented a tendency towards regression ([Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}), therefore we found significant association in evolution of fibrosis after treatment with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin (p\< 0.05) ([Table 4](#T4){ref-type="table"}).

###### 

Post-treatment fibrosis qualitative evolution.
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[Table 5](#T5){ref-type="table"} summarize the information about the evolution in steatosis after treatment with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin.

###### 

Post-treatment steatosis qualitative evolution.
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Twenty-four patient (60%) showed progression of steatosis ([Table 5](#T5){ref-type="table"}) after treatment with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin. Most patients showed a tendency towards progression, therefore we found significant association in evolution of steatosis after treatment with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin (p \< 0.05) ([Table 5](#T5){ref-type="table"}), with limitation of the data, since presence of steatosis was measured by two different methods.

We also found the statistically significant differences (p\<0.05) between genders in fibrosis qualitative evolution ([Table 6](#T6){ref-type="table"}), female gender showed a higher degree of fibrosis reduction.

###### 

Fibrosis qualitative evolution according to gender
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5. DISCUSSION {#sec1-5}
=============

Regression of liver fibrosis has been a main topic of research and discussion in the community of liver experts for decades. Regression or reversibility of fibrosis has been perceived to be not much more than a myth. However, recent data have convincingly demonstrated the occurrence of fibrosis regression in a wide spectrum of chronic liver diseases, including viral chronic hepatitis. In our study, the vast majority of patients had evidence of fibrosis before treatment (fibrosis stage \> 0). In contrast, after treatment, most patients displayed a tendency towards regression, i.e. 38 patients showed stabilization or regression of fibrosis (no progression) at the FibroScan^®^ test ([Table 3](#T3){ref-type="table"}). Therefore, we found significant association in evolution of fibrosis after treatment with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin (p=0.000, p\<0.05) ([Table 4](#T4){ref-type="table"}). Similar results have been found in other studies ([@ref16], [@ref17], [@ref18],[@ref19]) i.e. there is growing clinical evidence that fibrosis can regress and possibly even resolve in a number of liver diseases. It is difficult to believe from a clinical perspective that established cirrhosis may resolve to a pre-cirrhotic state. There are however, a number of studies reporting evidence of such reversal ([@ref20], [@ref21], [@ref22], [@ref23]). This evidence is predominantly based on changes in histological stage.

The observation of hepatic fibrosis regression in 28 patients is a very important piece of information, since spontaneous regression of hepatic fibrosis is not usually seen in patients without treatment. We speculate that the regression in fibrosis is due to an anti fibrogenic effect of interferon, regardless of its antiviral action. Poynard et al. demonstrated that hepatitis C is indeed a progressive fibrotic disease, which is the reason for its morbidity and mortality ([@ref24]). Therefore, a therapeutic intervention to decrease or revert hepatic fibrosis progression will probably have a relevant clinical impact. On the other hand, the relevant fibrosis stabilization rates in patients with mild-to-moderate, as well as advanced fibrosis (10%), are probably due to the anti-inflammatory action of ribavirin, rebetol and interferon, with the possibility that the ribavirin and rebetol indirectly facilitated the interferon anti fibrogenic effect through its anti-inflammatory action.

In our study, steatosis was significantly increased after antiviral therapy (p\<0.05). Our results are in agreement with the results of previous studies ([@ref25], [@ref26]) that have determined significant progression in steatosis in patients infected with HCV. This provides further evidence for direct involvement of HCV and antiviral therapy in the pathogenesis of hepatic steatosis. We believe that the low grade of steatosis before therapy is responsible for the efficacy of antiviral therapy because steatosis negatively influences the rate of response to antiviral treatment, as confirmed by large clinical trials. Management of steatosis in chronic hepatitis C requires knowledge of its pathogenesis and may involve both life-style changes and pharmacological interventions, although the latter remain largely experimental and it remains to be explored in future studies.

The reasons for statistically significant differences (p\<0.05) between genders within fibrosis qualitative evolution are not known, but the reduction may be the cause of the estrogen-mediated inhibition of IL-6 production by the Kupfer cells in women, which reduces damage to the liver. Also, males usually shows a greater exposure to harmful life-style factors such as smoking and alcohol and higher rate of hepatitis virus infections.

6. CONCLUSIONS {#sec1-6}
==============

In patients with chronic hepatitis C, there were significant regression of fibrosis especially in a group of the patients with mild-to-moderate fibrosis (F1/F2/F3), patients that were in advanced stage of fibrosis (F4) at the time of the pre-treatment did not have a statistically significant fibrosis reduction after treatment with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin.

Our results showed significant increase in steatosis in patients infected with HCV after treatment with PEG-IFN α2a (40) kD and PEG-IFNα2b (12,5) kD with ribavirin. This provides further evidence for direct involvement of HCV and antiviral therapy in the pathogenesis of hepatic steatosis. Those results should be taken in to the consideration, since the presence of liver steatosis was analyzed by two different methods.

Female gender showed a higher degree of fibrosis reduction.
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